
F O U N D E D  1903, .  

TO PROMOTE THE STUDY OF ELECTROCHEMISTRY, ELECTROMETALLURQY, 

OHEMlCAL PHYSICS, METALLOQRAPHY, AND KINDRED ~ U B ~ E C T S I  

APRIL, 1912. 

PROCEEDINGS O F  T H E  SIXTY-SECOND ORDINARY 
MEETING. 

The sixty-second Ordinary Meeting of the Faraday Society 
was held on Tuesday, March 26, 1912, at the Institution of 
Electrical Engineers, Victoria Embankment, London, W.C. Mr. 
Alexander Siemens, M.Inst.C.E., Vice-president, was in ther chair. 

Mr. S. W. Melsom, of the National Physical Laboratory, read 
a Paper entitled “Dry Batteries: the Relation between the In- 
cidence of the Discharge and the Relative Capacity of Cells of 
Different Manufacture, ” 

The Paper describes the results of a series of tests made in order to 
ascertain to what extent the tests in general use afford an indication of the 
relative value of different types of dry cells. Four types of cell were used 
for the tests, these being chosen on account of their widely different charac- 
teristics. 

A number of each of these types were subjected to tests at various rates of 
discharge. Table I. gives the relative values obtaiiicd from the tests for each 
set of cells, taking for purposes of comparison the output of cells A as 100. 

Test No. I is a near approximation to actual working conditions. 
Table 11. gives the capacity (watt-hours) of the cells at the various rates 

of discharge. 
The results given in Tables I. and 11. (see over) indicate that the tests in 

general use do not afford reliable data as to the relative value of different 
types of cells or of the actual capacity that may be obtained under working 
conditions, and it is therefore recommended that the conditions of test should 
approximate as nearly as possible to actual working conditions. 

Mr. W. R. Cooper said the difficulty he had experieiiced was to know 
exactly when to cut off the current. He had generally used a 10-ampere test 
and cut off when the voltage had fallen to one-half. A so-called short-circuit 
test, measuring the current, seemed to be popular in Ainerica, but what the 
short-circuit exactly meant was not specified. 

Mr. J. Poole thought the autlior’s resuhs would prove very useful to 
users of dry cells, and he remarked on the importance of having a standard 
test that could enable a new cell to be put into use after a short time. It was 
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2 THE PROCEEDINGS OF THE FARADAY SOCIETY 

unfortunate that in this respect no satisfactory result was arrived at. He 
pointed out that the cells included under the author’s type D were makes in 
use some six years ago; types A and I3 represented the best of the most 

TABLE I. 

Relative Capacity of Cells a t  Various Rates of Discharge. 

(The values are in watt-hours, except where otherwise stated.) 

No. 

5 minutes an hour on 50 ohms ... 
5 minutes an hour on I ohm initial 
After 6 months’ storage . . . . . .  
After 12 months’ storage ... 
6 hours per day on 5 ohms ... 
Contiiiuous at 20 milliamperes- 

Initial ampere-hours . . . . . .  
Initial watt-hours . . . . . .  

After 8 months’ storage, watt-hours 
Continuous on 10 ohms- 

Initial to 0’7 volt . . . . . .  
Initial to 0.5 volt . . . . . .  

After 6 months’ storage- 
To 0.7 volt . . . . . . . . .  

After 12 months’ storage ... 
Continuous on 100 olims ... 
Continuous on 500 ohms- 

To 1-3 volt . . . . . . . . .  
To end, i.e., 118 weeks ... 

... ... ... 

... ... 

... 

... 

... 

... 

... 

... 

... 

... 

... ... 

Cells. 
A- 

A. 

I 0 0  
I 0 0  
I 0 0  
I 0 0  
I 0 0  

I 0 0  
I 0 0  
1 0 0  

I 0 0  
I 0 0  

I 0 0  
1 0 0  
I 0 0  

I 0 0  
I 0 0  

13. 

93 

53 
50 

43 
45 
50 

75 
76 

59 
07 
68 

28 

I 0 2  

94 

c. 

TABLE 11. 

Relation between Imideiace of Discharge and Capacity. 

(The capacity in each case is given in-watt-hours.) 

Test No. 

I . . . . . . . . .  
2 . . . . . . . . .  
3 . . . . . . . . .  
4 . . . . . . . . .  . . . . . . . . .  
6 . . . . . . . . .  
7 . . . . . . . . .  

Cells. 
, - \ 

A. B. 

40 
26 

47 
19 
73 
66 

63 

C. 

36 

63 
42 
35 
55 

I 0  

- 

D. 

I 2  

3 

31 
46 

38 
38 - 

D. 

28 
7 

35 

30 
29 

60 
60 

28 

35 

-- 
- 

3 

2 

I 0  
- 

recent types of cells. Although so very large a number of dry cells, 
estimated at some 40,000,000, were in usc i n  America, it was noteworthy 
that the best of them were inferior to the best British types. 
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THE PROCEEDINGS OF THE FARADAY SOCIETY 3 

Mr. W. R. Rawlings said there were many usesfor dry cells which were 
not generally appreciated. For example, he had used them for lighting 15 
10-c.p. lamps in a yacht making a tour in the far North, and after ten 
months they came back in good condition, having performed their work 
quite efficiently. It would be interesting to know exactly how long dry 
cells could be kept in storage ; for twelve months they certainly could, and 
this suggested uses at present overlooked. 

Mr. J. D. Mackenzie said that suitable tests were required for cells 
used for bells or lighting, as well as for telephone use, and he hoped the 
author would devise some such test. He described an intermittent test that 
he had devised for comparing two types of cell, which gave an indication 
that had been confirmed by years of practical use. 
Mr. E. P. Hollis remarked that some years ago the American Electro- 

chemical Society appointed a committee to inquire into and report upon tests for 
dry cells, but up to the present only an interim report had been issued, and 
this was more or less a confession of failure. The author’s tests, anyhow, 
showed the superiority of some cells over others in the case of all the 
methods of testing employed. It would be desirable, if possible, to test 
every cell for the particular work for which it would be used. 

Mr. M. Solomon, in a communication read by the Secretary, dwelt on 
the chaos at present existing in this field. Every buyer seemed to have his 
own specification, and frequently not only results but even methods of manu- 
facture were specified, an obviously absurd state of affairs. The only merit 
of many of these specifications was their originality, and it was high time to 
do away with them ali and adopt one standard method of testing. This, 
however, should be of reasonable duration, and the author’s method No. I, 

for example, which he considered the most satisfactory, was therefore ruled 
out as in the case of the A cells it took nearly two years to carry out. He 
suggested that a modification of method No. 5, where results are obtained in 
about twenty or thirty days, might be adopted as a standard test, although it 
would have to be supplemented by another test showing the keeping powers 
of the various cells. 

The Chairman considered a test under actual conditions of working 
the only real test of the worth of a cell. This could always be applied 
provided the manufacturer could be relied upon to construct all his cells 
strictly in conformity with the samples that had been tested. 

Two Papers by Dr. R. Beckett Denison, entitled ‘‘ Contributions 
to the Knowledge of Liquid Mixtures,” were read in abstract by 
Dr. N. T. M. Wilemore. 

T h e  first Paper deals with “ Property-Composition Curves and the 
Molecular Changes which take place in forming Binary Compounds.” A 
property-composition curve is obtained by plotting the value of any physical 
property of a binary mixture against the fractional composition of the 
mixtiire. In an ‘‘ ideal” binary mixture both kinds of molecules remain 
in the same state after as before the mixture, and the curve is a straight line. 
Deviation from the straight line indicates the existence of some definite 
molecular process-association,. dissociation, or chemical combination, and 
the object of the author is to endeavour to trace, in a general way, the 
relation between the form of the curves and the molecular processes which 
take place as the result of the mixture. The method adopted is to assume 
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4 THE PROCEEDINGS OF THE FARADAY SOCIETY 

that a given process takes place and then to deduce, by applying the law of 
mass action, the corresponding property-composition curve. 

The author summarises his conclusions as follows : 
I. A maximum or minimum in the property-composition curve of a binary 

mixture may be taken as giving possible indication of the formation of a 
chemical compound, although there is no certainty. 

2. Sagged curves may be caused by dissociation or by chemical combina- 
tion. 

3. A process of increasing association in the mixture is unlikely. 
4. Assuming that the straight-line law holds for mixtures in which the 

components undergo no molecular change on mixing, then the deviation 
from the straight line is proportional to the amount of new substance formed, 
and always reaches a maximum when the concentration of this new substance 
attains a maximum value. 

5 .  If the new substance formed is a chemical compound, the concentration 
thereof is always a maximum when the mixture as a whole has the same 
fractional composition as the compound. 

6. It is thus possible to determine the formula of the compound in solution 
and the degree of dissociation or the equilibrium constant for the formation 
of the new molecular species, from the deviation from the straight-line 
mixture law. 

7. Although temperature changes may affect the forin of the property- 
composition curve, especially as regards the position of a maximum therein, the 
position of the deviation maximum is independent of temperature changes. 

8. Equilibria in homogeneous solution can thtis be completely solved from 
phy$cal determinations alone. 

The second Paper discusses (( Chemical Combination in Liquid Binary 
Mixtures as determined by a Study of Property-Composition Curves,” and by 
giving exainples and applying the principles already developed shows how 
the formulae of compounds in solution can be deduced or the dissociation 
constant evaluated from the observed deviations from the mixture law. 

Dr. C. H. Desch, in a written communication, pointed out that the 
author’s method was independent of any theory as to the constitution of 
solutions. The case of liquid alloys was a simple case of binary mixtures, 
both solvent and solute being elementary substances. He instanced as an 
example the conductivity curve of sodium amalgams, which exhibits a strongly- 
marked maximum at the point corresponding to the compound NaHg,. The 
fact of the position of a maxitnum on the deviation curve being independent 
of temperature if due to the formation of a compound was of use in distin- 
guishing freezing-point curves with a maximum due to a compound from 
those presenting a maximum without chemical combination. The former 
remains unchanged in position when a third substance is added. 

Mr. L. S. Bagster and Dr. B. D. Steele communicated a Paper 
entitled “ Electrolysis in Liquefied Sulphur Dioxide.” 

The Paper describes experiments undertaken with the object of ascer- 
taining the mechanism of electrolysis of solutions in liquefied sulphur dictxide. 
During the electrolysis of potassium, sodium, tetramethylammonium or 
trimethylsulphonium iodides sulphur is deposited on the cathode, a sulphite 
being simultaneously formed. In the case of potassiuiii iodide, the potassium 
sulphite which is insoluble in the solvent is deposited on the cathode in 
quantity nearly corresponding to that demanded by Faraday’s law. 

At the anode changes occur which are analogous to those occurring in 
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THE PROCEEDINGS OF THE FARADAY SOCIETY 5 

aqueous solution, bromine and iodine being liberated from solutions of 
bromides and iodides, while anodes of zinc and iron are attacked, the metals 
passing into solution as complex salts. 

Evidence is adduced to show that water and hydrogen bromide unite to 
form an oxonium compound which is electrolytic in character, and this 
evidence is strengthened by comparison with well-known oxonium com- 
pounds. A number of such compounds have been found to be formed in 
sulphur dioxide solution, the solutions so formed being good electrical 
conductors. 

It is shown that metals immersed in solutions of their salts in sulphur 
dioxide have definite electrode potentials, several of which have been 
measured in saturated solution. 

Dr. E. P. Perman and Mr. T. W. Price contributed a Paper on 
LL Vapour-pressure of Concentrated Aqueous Solutions,” which was 
communicated by Dr. T. 116. Lowry. 

The Paper gives an account of the measurements of the vapour-pressures 
of concentrated aqueous solutions of urea, glycerol, cane-sugar, raffinose, 
potassium chloride, and calcium chloride over a very wide range of concen- 
tration at 70° and 9” C. 

Curves showing the relation between concentration and depression of 
vapour-pressure are given ; these curves are straight over a large range of 
concentration, thus showing that the lowering of vapour-pressure is pro- 
portional to the concentration, except for very high concentrations. 

Babo’s law, that the vapour-pressure of solutions is always proportional to 
that of pure water, was tested by means of the above-mentioned curves at 
70° C. and 90” C., and was fouiid to hold well, except with cane-sugar and 
glycerol. 

Callendar’s hydration factor a was calculated, and the hydration, when 
present, was found to be a function of the concentration. 

The molecular weights, calculated from Ostwald’s formula, varied greatly 
from the theoretical, decreasing gradually as the solution become more 
concentrated. 

Professor  A. W. P o r t e r  called attention to the strange deviation from 
Babo’s law shown by cane sugar, and hoped the author would explain this. 
He protested against the growing practice of expressing concentrations as 
the number of grams of solute per 100 grams of solvent instead of as the 
number of grams of solute per 100 C.C. of solution. 

Professor  H. L. Callendar, in a written communication, referred 
to the difficulty of obtaining direct measuremeiits of the vapour-pressure 
of strong solutions. The authors’ were an improvement on previous 
results, but were not sufficiently exact for low concentrations, and for high 
concentrations were too widely separated to build a theory upon. He dis- 
agreed with the authors’ method of calculating the (‘ hydration factor,” which 
in the case of cane-sugar (a = 5 )  gave values varying from - 12-54 to + 4-38. 
From the discrepancies in the vapour-pressure observations at 70” C. it was 
not surprising that the authors’ observations did not satisfy Babo’s law. 

The air-bubbling method was used. 

Dr. A. C. Cumming contributed a Paper on “ The Elimination of 
Potential due to Liquid Contact, Part 11. A Simple Equation for 
the Calculation of the Diffusion Potential,” which was communi- 
cated by Dr. N. T. M, Wilsmore. 
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6 THE PROCEEDINGS OF T H E  FARADAY SOCIET3' 

P. Hcndei-son has derived a simple expression for the diffusioii potential 
between two liquids i f  tlie solutions are inked at the boundary. Henderson's 
equation is iliathematically much simpler than tlie well-known equation of 
Planck, or Johnson's cxtcnsion of it. It corresponds more closely with 
ordinary experimental conditions and it is applicahle to all solutions without 
restrictions as to valency. 

The author has modified Henderson's equation by substituting for the 
mobilities at infinite dilution the mobilities at the corresponding concentra- 
tions. When the anion and cation of each salt have the same valency the 
equation can be simplificd considerably and has tlie following form :- 

where IC and K* arc the specific conductivities ; 11 and ur are the migration 
ratios. This equation is simpler than the original Henderson cquation ; it is 
more correct since thc mobilities at the corresponding concentrations are 
used ; and it iiivolvcs only a knowledge of thc spccific conductivities and 
migration ratios, values for which are obtainable or can be readily determined 
experimentally. 

Comparison between the observcd and calculated potentials for various 
cells shows that the agreeiiicnt ib lvithin the liiiiits of probablc error i n  the 
experimental data. 

The meeting accorded hearty Votes of Thanks to the authors 
of the Papers, 011 the motion of the Chairman, and then adjourned 
until Tuesday, April 23rd, when a general discussion on " Magnetic 
Properties of Alloys " was announced. 

OFFICIAL NOTICES. 
NEW M E  M I3E IZS. 

M E N  J;EI<S. 

ALLMAND, ARTHUR JOHN, D.Sc. . . . \Vilicliellil;tll11 Strasse 27, Dresden, tierman). 
H A R D ~ N ,  JOHASNES . . . . . Electric Furnaces ;tnd Smelters, Ltd., High 

STUDESTS. 

Town. Luton. 

HOGAIITH, JAAIES EDWARD . . . . I 37, Ljiverpool Ho;itl, Birlichle, Southport. 
HUBBARD, NORnlAN F. S. . . . . 2 ,  I h s y  Avenue, Longsight, Manchester. 
MARTINS, Donmcos Josd . . . . ?tIimicipd Scliool o f  Technology, Manchester. 
ROY, ROMESH CHASDRI . . . . 31unicip;il School of Technology, hlancbester. 

TRANSFERREn FROM CLASY 01; STGDESTS TO C L A S S  OF MEMBERS. 

RROTHERTOS, FIZAXK . . . . . r r ,  Queen’s lZo;id, Urniston, hIanchester. 

CHANGES OF AI>I)HESS. 

(;\WEN, ALIWISI) c;. C., 1’11.1). . . . C/O British .\lutuiniuni Compan-, Ltcl., hIil- 

HARKIS. FHEU . . . . . . Hrakpan Mine, Uos  3, Brakpm, Trmsynnl. 
JOKES, J .  LLOYD, I,IEuT.-COL. 1.hl.S. . . Tc!iffionzr;lj~ c / o  Messrs. Henry S. King S Co., 

TKAVERS, r’KOl*’ESSOR M,  W., F.R.S. . . 43, Warwick Gardens, London, IV. 
WARX’ES, A. I<. . . . . . c/o Rlessrs. Rudcl & O~ven,  Green Lane, Hull. 
WILLOTT, F. J. ’l‘he Newcastle 411oy Company, Ltd., How- 

ATTWOOD, ci. . . . . . . . .<o, hIOOrgdte Street, LOlldOll ,  E.C. 

toll, statTs. 

(1, I W  Mall, London, Sly, 

lands Gill, Co. Durham. 
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THE PROCEEDINGS OF THE FARADAY SOCIETY 7 

BINDING CASES, 
Dark green cloth gilt-lettered cases for binding any back volumes of the 

Transactions may be ordered by application to the Secretary, 82, Victoria 
Street, Westminster, S.W. Price IS. 2d. post free. If the separate parts 
and the title-page are sent post paid to MESSRS. UNWIN BROTHERS, LTD., 
27, Pilgrim Street, E.C., the cases will be supplied and the volumes bound 
complete for 2s. each, or 2s. 4d. post free for the United Kingdom. 

TRANSACTIONS OF T H E  AMERICAN ELECTROCHEMICAL 
SOCIETY. 

Members who desire it can have the Transactions of the American 
Electrochemical Society bound in c lo th  instead of in paper on payment 
of an extra charge of t w o  shillings a year, which should be sent to the 
Secretary of the Faraday Society, 82, Victoria Street, London, S.W. 

EIGHTH INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY, 
Washington and N m  York, September 4-13, 1912. 

A rztzouncement No.  3 has just been issued, containing general information, 
the programme of the Congress, a provisional list of excursions and visits to 
works, and a map of the United States. Copies may be obtained from Mr. 
Charles G. Cresswell, Hotzouayy secretary of the British Orgaizising Committee, 
9, Bridge Street, Westminster, London. 

Papers presented to the Congress must reach Dr. Bernhard C. Hesse, 
Secretary, 25, Broad Street, New York City, not later than July 1st next. 

Applications for membership, together with the membership fee of EI, 
should be sent to Professor M. 0. Forster, Treasurer oj. the British Organisiizg 
Committee, 84, Cornwall Gardens, London, S.W. Pu
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F O U N D E D  1 9 0 3 .  

TO PROMOTE THE STUDY OF ELECTROCHEMISTRY, ELECTROMETALLURGY, 

CHEMICAL PHYSICS, METALLOGRAPHY, AND KINDRED 8UBJECTSm 

MAY, 1912. 

PROCEEDINGS OF T H E  SIXTY-THIRD ORDINARY 
MEETING. 

The sixty-third Ordinary Meeting of the Faraday Society 
was held on Tuesday, April 23, 1912, at the Institution of 
Electrical Engineers, Victoria Embankment, London, W.C. 

The meeting was devoted to a General Discussion on The Magnetic 
Properties of Alloys, and was presided over by Sir Robert Hadfield, 
F.R.S. 

The Chairman-in his introductory remarks extended, in the first 
place, a hearty welcome to those visitors who had come from abroad 
to take part in the Discussion. He then gave a brief accmnt of 
the early work in this field, referring more particularly to the non- 
magnetic ferro-alloys with which he had been associated. He 
pointed out how magnetic properties depended on heat treatment 
as well as on composition, and showed a bar of manganese steel which 
was magnetic a t  one end and non-magnetic a t  the other. To  illus- 
trate the necessity of working carefully through whole series of 
alloys before any conclusions could be arrived at, he remarked that 
whereas a 5 per cent. manganese steel was very brittle and magnetic 
the addition of 14 per cent. nickel rendered the steel both very 
tough and non-magnetic. 

The first Paper was read by Geheimrat W. E. Gumlich (Berlin), 
arid dealt with “The  Magnetic Properties of Iron-Carbon and Iron- 
Silicon Alloys.” The photomicrographs shown were the work of 
Professor P. Goerens. 

Thc experiments conducted by the Physikalisch-Technische Reichsanstalt, 
on which the author reported, were commenced a few years ago on the insti- 
gation of German technologists and with the joint assistance of the Verband 
Deutscher Elektrotechniker, some German ironmasters, and the Metallurgical 
Laboratory of the Technical High School a t  Aaclien (Professors Wiist and 
Goerens). 

The experiments aimed at investigating the relations between the mag- 
netism of iron alloys and their chemical composition and thermal treatment. 
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10 PROCEEDINGS O F  THE FARADAY SOCIETY 

Although the researches are by no nieans completed, the Reichsanstalt would 
like to communicate some of the results obtained to the Faraday Society as a 
contribution to this discussion. The results concern magnetisation up to 
saturation, coercive force, remanence, and the electric resistance of the alloys 
iron-carbon and iron-silicon. 

Carbon, it is well known, behaves in these alloys in very different ways 
according to the thermal treatment (slow or rapid cooling) it has undergone, 
and the differences can be traced in the physical properties, as well as in the 
structure (cementite, pearlite, martensite, temper-carbon) which is charac- 
terised by the presence of the carbon. The carbon which is dissolzled in the 
iron has the strongest influence upon the magnetic properties, and it has 
resulted that the coercive force of these alloys increases proportionally as the 
dissolved carbon, while the remanence decreases, These conclusions are 
important for the manufacture of permanent magnets. The carbon present 
as impurity plays, howcver, also an exceedingly important and very disturbing 
part in the manufacture of dynamo steel, transformer iron, &c., which are to 
be particularly soft magnetically, because the carbon decreases the perme- 
ability and increases the hysteresis loss. Since carbon cannot altogether be 
eliminated in practice, the manufacturer has to attempt to render it innocuous 
so far as possible, and the author’s experiments demonstrate that a consider- 
able addition of silicon has this effect. 

In 1890 Barrett, Brown, and Hadfield published experiments which proved 
that the addition of silicon to iron diminishes the electric conductivity without 
impairing the magnetic properties. On the strength of these observations, 
the Reichsanstalt induced German iron-works to make transformer sheets out 
of silicon-iron in order to reduce the Foucault-current losses in the trans- 
formers. The realised improvement was much greater than was expected ; 
for it resulted that thc magnetic properties were generally improved, and the 
hysteresis losses in particular much reduced. The part which the silicon 
plays in this improvement is not clear yet. The experiments of the Reichsan- 
stalt show that the influence is not a direct one, for in that case the magnetisa- 
tion should increase with increasing silicon percentage, particularly in fields 
of high intensity. The satzwaiiort value should hence increase whereas it de- 
creases, just as if the silicon were a non-magnetic addition to  the iron merely 
acting by reducing the effective cross-section of the iron. The influence of 
silicon is hence indirect, and it seems in some way to counteract and to 
eliminate the detrimental effect Gf  the carbon. For it would appear that on 
continued heating the carbon cannot remain dissolved in the iron, being 
transformed partly into the less detrimental cementite, and partly into the 
altogether harmless temper-carbon. 

The microphotographs which Professor Goerens (Aachen) has taken of the 
magnetically examined specimens are in very satisfactory agreement with the 
results of the studies of the alloys of iron-carbon and iron-silicon. 

Professor E. Wedekind (Strassburg) then read his Paper on 
“ Relations between the Magnetism and the Stoichiometrical 
Constitution of Chemical Compounds.” 

The present state of our knowledge concerning the dependence of the 
magnetic properties of compounds upon the nature and the number of the 
elements entering into cambination may be summed up in the following 
statements : (I) The magnetism of simple chemical compounds, derived from 
a ferromagnetic metal or a metal of latent magnetism, is a well-defined 
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molecular property of the compound which is connected with the stoichio- 
metrical composition or with the constitution of the conipound. ( 2 )  The 
magnetism of simple compounds of ferroriiagnetic metals is throughout 
essentially feebler thaii that of the met:il, SO far as independent rcpresenta- 
tions of valencies are conccrned. ( 3 )  Simple compounds of metals of latent 
magnetism (Mil, Cr, V, presumably also Ti) are as a rule iiiorc strongly 
magnetic than the metals ; the maximum intensity depends upon the 
stoichiometrical composition, hornever, particularly in cases where several 
compounds exist of tlie same connpone~its. Manganese has a maximum in 
its trivalent state with regard to the elements which can themselves be triva- 
lent, i .~. ,  in the atomic ratio I : I. Some of these compounds behave like 
permanent magnets. (4) With the independent oxides of manganese, 
chromium, and vanadium the susceptibility appears to be a function of the 
metal percentage, in the case of the vaiiadium sulphides a linear function of 
the sulphur percentage ; the ningnetic susceptibility is thus dependent 
upon the valency of the metal in the respective compound. (5) So-called 
mixed oxides or sulpliides which do not represent uniform valencies 
are with all flze vietrzls more intensely magnetic than the iiidepeiideiit 
classes of conipouiicls. There is a correlation with the acid nature of 
the one component, which always represents the higher oxide. Such a 
compound is always graphically rcvcaled by a sharp bend in the curve. 
(6) The magnetic susceptibility decreases on the xvhole with decreasing 
atmiic weight of the chief metal. Several manganese compounds are still 
ferromagnetic. Of chromium compounds only the two mixed oxides are 
still ferromagnetic ; none of the vaundiutn compounds are any more de- 
cidedly ferromngnetic. The minimurn is probably reached in titanium, 
which stands to the left of vaiiadium, and in the titanium compounds ~vhich 
arc now being investigated. The next element in succession, scandium, is 
already diamagnetic as oxide. 

Dr. James 6. Gray and Dr. Alexander D. Ross (Glasgow) pre- 
sented a Paper “ O n  the Magnetic Properties of a Variety of 
Special Steels at Low Temperatures,” which was read by 
Dr. Ross. 

Specimens of iron, carbon steels, silicon steels, chrome steels, $c., were 
tested at room temperature and when immersed in boiling liquid air, in the con- 
ditions brought about by normalising, annealing, and quenching tlie metal 
at various temperatures. It was found that the effect of cooling the 
specimens was in general to diminish the permeability for low field strengths, 
and to increase it for high fields. A magnetisation curve corresponding to 
- 190’ C. lies initially below and finally above one corresponding to 15’ C. 
This is shown to be in harmony with the theory of elementary magnets whose 
intensity of magnctisation and polar length varies with the temperature, It 
was found that in general the crossing point of the I-H curves correspond- 
ing to 15Oand - 19oO C. respectively, is higher the greater the amount of the 
added element present. This rule holds in any of the conditions men- 
tioned above. The value of the magnetising force necessary to bring 
about crossing of the magnctisatioii ciirves for the material at 15” and 
- 190’ C. is very low in the u s e  of chrome steel. For a specimen of this 
variety of steel containing I per cent. of chrorniuni the ciirves crossed for a 
field strength of 8 c.g.s. units. 

Cooling to the temperature of liquid air results in tlie coercive force being 
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increased, and this effect is very pronounced in the case of materials which 
have been quenched. For high carbon steel in the quenched condition the 
coercive force at room temperature is 32 ; at - 1900 C., it is 50. 

Dr. Alexander D. Ross also read a Paper “On the Magnetic 
Properties and Microstructure of the Heusler Alloys.” 

The Paper describes a series of tests on ternary alloys of copper, 
manganese, and one of the elements aluminium, tin, antimony, aiid bismuth, 
and also on several magnetic binary alloys. Details are given of the method 
of casting and annealing the metal, and a description is given of a special 
form of magnetometer which was designcd in order to increase the accuracy 
of the tests. The primary object of the magnetic tests was (I)  to determine 
the magnetic quality of the alloys in the condition as cast, ( 2 )  to find the best 
thermal treatment for rendering the metal of good magnetic quality, (3) to 
test the variation of permeability with temperature, and (4) to investigate the 
effects of annealing and quenching the alloys at various temperatures. The 
Heusler alloys are improved by annealing at 180’ C. The best duration of 
the annealing process varies from a few minutes to several hours, accordiiig 
to the composition of the specimen. It is found that the effect on the 
magnetic quality brought about by cooling these alloys to the temperature of 
liquid air is decidedly different from what is found in iron alloys. The 
magnetic experiments combined with thermal and microscopic tests have 
proved that the Heusler alloys are solid solutions probably consisting of Cu,hl 
and Mn,Al in the case of magnetic ternary alloys of copper, manganese, and 
aluminium. There is no indication of the occurrence of ternary compounds, 
and the experiments do not support the theory that the magnetic quality is 
due to a change brought about in the transformation temperature of manganese 
through its solution in copper or copper-aluminium. 

A Paper by Dr. S. Hilpert (Berlin) and Dr. E. Colver-Glauert 
(Sheffield) on ‘ I  The Magnetic Properties of Nickel and Manganese 
Steels with Reference to ‘their Metallographical Composition ” was 
read by Dr. Colver-Glauert. 

A series of nickel and manganese steels ( 5  to 33 per cent. nickel and 5 to 
10 per cent, manganese) wcre investigated, by quenching from various 
teriiperatures and other thernial treatment, and then quantitatively measured 
i nag 11 L‘ t i c;t i 1 y a t  r oo i n  t em p e ra t 11 I’ e s. 

From the products s o  produced cooliiig tyxriiilents \yere cat-riecl out to 
- 18oCC., and the specimens were then re-heated in stages to t h e  highest 
initial temperature employed, aiid similar magnetic investigations pursued. 
The following results were obtained :- 

At high temperatures (1,200‘ C.) coinpoutids are produced which at room 
temperatures are strongly niagiie tic, the only exception txing the 33 per cent. 
nickel steel. This proves that the allotropic theory, which holds that 
magnetism rests entirely with alpha iron, is no longer tenable as regards these 
steels, since the slowly cooled steels are less magnetic than those queiiched 
from 11 ig 11 tern per at ui- e s. 

The 2 j  per cent. nickel steel, which most commonly O C C L I ~ S  in practice 
when a non-magnetic alloy is required, was subjected to very close investiga- 
tion, pnd a diagram produced showing the magnetic “ life” of this steel for 
all temperatures, and showing thc conditions under which its rnagnetism may 
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r x y  betmcen zcro and a maximum. This maximum is practically such as 
would be expected from a mixture of iron and nickel of the proportions 
found in the steel. In this steel two irreversible temperature hysteresis loops 
are found and shown in diagrammatic form. The 33 per cent. niclcel steel was 
found to be quite different to the other iron alloys, and it seems highly pro- 
bable that steel of this composition must be regarded as a special compound. 

Metallographic investigations prove that for these steels it is impossible 
to correlate any given structure with given magnetic properties. In this 
investigation sulphurous acid was used as the etching medium, and the 
structures obtained are different to those usu:illy shown for nickel steels, being 
iiiuch mot% similar to those of meteoric iron. 

The manganese steels were investigated in collaboration with W. 
Mat hesiu s . 

Dr. S. Hilpert and Dr. T. Dieckmann presented a Paper entitled 
‘‘ The Magnetic Properties of the Compounds of Manganese 
with Phosphorus, Arsenic, Antimony, and Bismuth.” This was 
also communicated by Dr. Colver-Glauert. 

The magnetic change points of these compounds were proved to be 
closely connected with the atomic weights of the substance compounded with 
the manganese. 

The highest is that of MnBi (38oOC.) and the lowest that of MnP 
(18’ to 25OC.). If this latter is warmed in the hand, it no longer reacts with a 
magnet, but immediately does so if it is placed in cool water. This was 
experimentally demonstrated, 

T h e  following is a summary of a Paper communicated by 
Dr. E. Take (Marburg) and Dr. F. Heusler (Dillenburg) on “ T h e  
Nature of the Heusler Alloys.” 

I. In order to account for the pronounced ferromagnetism of the Heusler 
alloys, aluminium or tin-manganese bronzes, Guillaume assumes with 
Faraday that pure manganese exists in a strongly magnetic modification, 
which undergoes transformation at a very low temperature ; this temperature 
is said to be raised by the addition of A1 or Sn, so that the magnetism of 
these alloys becomes apparent. This hypothesis is not based upon facts, and 
the argiiments are not sufficiently supported ; i t  would, nioreover, not explain 
the strong ferromagnetism of the Heusler manganese alloys with As, Sb, Bi, 
and B. 

2.  Heusler, on the other hand, lias advanced a hypothesis which perfectly 
explains all the phenomena ; for he has not only discovered the ferromagnetic 
manganese alloys, but he has also first proved, in 1903, that the appearance of 
the strong ferromagnetism is due to the formation of chemical compounds, 
and that the ferromagnetism is thus a molecular phenomenon. 

3. I t  is stated and demonstrated in detail what these strongly ferro- 
magnetic chemical compounds are. (Heusler, Haupt, Preusser, Williams, 
Ross, Hilpert.) 

The research above referred to proves the Heusler Al-hln bronze to 
be, in physical respects, exceedingly interesting material, of valuable 
properties, especially as regards hysteresis. 

40. By the process described by Heusler the malleable Al-bronzes in 
particular can be converted into an unmagnetic modification which, suitably 
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aged, yields a strongly magnetic material of very small hysteresis. (Heusler, 
Asteroth, Take.) 

4b. By the method of Take the malleable Al-bronzes in particular may, by 
another ageing process, be transformed into a permanently magnetic modifi- 
cation of exceedingly high intensity. 

5 .  Hypotheses for explaining the strong ferromagnetism of the chemical 
compounds on the electron theory have been suggested by Richarz, Weiss, 
and Take, 

6. Thc physical properties mentioned under 4a are due, according to 
Risharz, to a very slight formation of complexes of the elementary magnets in 
the one case, and to a very pronounced formation of such complexes in the 
other case. 

7. According to his experiments the phenomena of ageing are due, 
according to Take, to two transformations ; the first transformation is the 
gradual formation of the strong ferromagnetic compound of Heusler ; the 
second is the gradual complcx formation, as also suggested by Richarz with 
regard to the experiments by Heusler and Asteroth. This complex-for- 
niation also gives rise to the enornious coercive forces which are 
observed in the case 4h. 

Professor A. A. Knowlton and Dr. 0. C. Clifford (Utah, U.S.A.) 
also presented a Paper on " The Heusler Alloys." 

The Paper is a contribution to the study of the following questions :- 
I. What conditions of preparation and thermal treatment must be observed 

in order that any alloy of any given composition may be in condition to 
exhibit the maximum possible intensity of magnetisation at saturation ? 

2.  What are the exact relations between composition and the two factors 
of magnetic quality-hardness, and intensity of magnetisation at saturation ? 

3. Upon what factors does the transformation point of a given alloy 
depend, and what is the exact form of the relation? 

The specimens tested were in the form of rings, prepared by prolonged 
heating in a graphite crucible and cast in a hot carbon mould. A large series 
of alloys was made, but either on account of poor mechanical or poor m a g  
netic qualities, tests were confined to the following seven :- 

No. 

I 

3 

4 

5 

6 

7 

8 

9 

CU. 

67.8 

63.8 

63'3 

63'3 

68.0 

63 '3 

Go-3 

60'2 

Mn. 

27.8 

27'5 

26.4 

26.4 

28-0 

29'5 

25'4 

26.7 

Al. 

4'4 

8.7 

10-3 

10.3 

4'0 

7'2 

I43 

13'1 

History. 

Cast from scrap from many previous speci- 
mens. Materials have been often cast 
and remelted. Chilled from 2 5 0 ~ .  

New mixture. Annealed to room tempera- 
ture. 

Cast from scrap. Chilled from dull red 
heat. 

From same melt as No. 4, but annealed to 
room temperature. 

New mixture. Annealed to room tempera- 
ture. 

A1 added to No. 6, remelted and chilled 
from 200~ .  

A1 added to No. 7, remelted and chilled 
from qo0. 

Remelted from scrap. Chilled from 2 0 0 ~ .  
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The results of the tests show that percentage composition is relatively 
unimportant in determining magnetic quality as compared with heat treat- 
nient. Thoroughness of mixing is also an important factor, difficult to 
separate from heat treatment. It would appear that under the best 
conditions of mixing and chilling the maximum possible induction, for a 
given manganese content, increases with increasing percentage of aluminium. 
Heusler and Starck’s assumption that the best results arc given by atomic 
proportions is not regarded as conclusive. For the details of the experiments 
made the original Paper must be consulted, but the authors conclude that it 
will he impossible to decide what composition will give the alloy of maximum 
possible magnetisation until the conditions of the best thermal treatment 
have been worked out over a wide range of composition. Sensitiveness to 
heat treatment and magnetic hardness arc closely dependent upon the pro- 
portion of aluminium present, while the transformation temperatures depend 
largely upon the percentagc of copper. 

The Paper ends with a brief consideration of the following possible 
hypotheses as to the nature of the magnetic units in the Heusler alloys. 
These may consist of :- 

I .  The molecules of a chemical compound of manganese and aluminium, 
or groups of such molecules. 

2. Manganese molecules or groups of such m’olecules. 
3. Complex groups, which form the structural elements of a certain type 

of mixed crystal, and contain at least two different kinds of chemical 
molecules. 

Professor Pierre Weiss (Zurich) communicated a Paper entitled 
‘‘ The Magnetic Properties of the Iron-Nickel, Iron-Cobalt, and 
Nickel-Cobal t Alloys.” 

When the results of quantitative investigations of magnetic properties are 
considered from the standpoint of the author’s kinetic theory of ferro- 
magnetism, all the metals appear to be homogeneous solid solutions. The 
saturation intensity of magnetism is the resultant-not the sum-of the 
molecular moments and at absolute zero, when heat movements have ceased 
to exist, the saturation iiitcnsity gives the true moment of the molecule. By 
molecule the author understands the atoms which are rigidly connected with 
one another ; the atoms may also be articulated, ie., magnetically free to 
assume any orientation. In  the case of substances like oxygen and the salts 
of metals (in the solid or dissolved states) the coefficient of magnetisation is 
inversely proportional to the absolute temperature. By multiplying this 
Coefficient by the absolute temperature, we obtain the Curie constant, and 
thc molecular moment (which cannot experimentally be determined in 
these substances) can be deduced from the Curie constant. When the 
magnetic moment of the nickel atom is followed through varied temperature 
conditions in the nickel compounds, the moment is found to be represented 
by multiples of a common factor, I 123.5, which the author calls the “ mag- 
&ton.” At absolute zero the magnetic moment of thc Ni-atom is 3 x 1123.5, 
or 3 magnetons ; at temperatures above the Curie point (at which the strong 
inagnetism disappears) it is 8 magnctons, in salts 16 magpietons. The same 
common factor is found in the magnetic moments of the atoms of Co, Mn, 
Cr, V, Cu, U, and seem therefore to constitute the common elementary 
magnet. 

The assumption of the existence of these magnetons has proved useful in 
the study of the alloys of iron-nickel, nickel-cobalt, iron-cobalt, which the 
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author has been investigating in conjunction with G. Foex, F. Hegg, 0. Bloch, 
and A. Preuss. The researches, details of which are given, indicate the 
existence of the compound Fe,Ni (30 magnetons, or 10 per atom) already to be 
traced on the melting-point curves of Guertler and Tammann, though not 
recognised by them. In solid solutions the molecular magnetic moment is 
additive, but not in compounds, Conclusions are also drawn as to p iron 
(probably Fe,), y iron (Fe,), 6 iron (Fe). The interpretation of the results 
appears clear in the case of the reversible Fe-Ni alloys and of the Ni-Co 
alloys ; the irreversible Fe-Ni alloys and the Fe-Co display complex phenomena. 
There is, however, also a definite compound, Fe,Co, which is more magnetic 
than pure iron ; its techpical application is being studied. One of the 
curious features is that nickel, in its reversible ferro alloys, is in a state which 
the pure metal only assumes at higher temperature; the surrounding iron 
molecules thus exert a “ repercussion ” effect upon the interior magnetic 
condition of the nickel atom. Cobalt does not affect nickel in the same way, 
but cobalt has this effect in the alloys of cobalt and iron. 

The C h a i r m a n  communicated a Note in which he criticised the evidence 
usually brought forward for the existence of a non-magnetic adamantine /3 
form of iron. There might be modifications in the molecular constitution 
of iron at high temperatures, but that there was allotropy in the accepted 
sense of the term remained to be proved. There were iron alloys which were 
more magnetic than iron, and under the allotropic theory this would mean 
still another allotropic form of iron. H e  supported Professor Knowlton’s view 
that ferromagnetism is neither atomic nor molecular, but crystalline, but more 
light would have to be thrown on the molecular constitution of iron itself 
before one could generalise on the question. 

Professor H. Du Bois opened the general discussion on the Papers. He 
recalled the fact that in addition to the three classicalmagnetic metals, Weiss has 
prepared manganese electrolytically which is ferromagnetic, He  next referred 
to the magneto-optical researches that were being carried out in his laboratory, 
and he stated that a piece of manganese steel which was non-magnetic as a 
lump distinctly showed the Kerr effect, the effect being variable for different 
patches on the mirror which reflected the light. Thisjmagneto-optical method 
affords a means of studying the surface patch by patch. A great many other 
alloys and compounds which are non-magnetic in the lump also show the 
same effect. 

Professor B. Hopkinson thought that the most promising direction in 
which to pursue a systematic study of magnetic materials with a view of 
throwing light on the nature of magnetism was investigation in fields of very 
high density. Another promising line of investigation was the relation 
between the saturation value of magnetisation determined in that way and 
the temperature effect. .A3far as was known at present the general character 
of that relation was much the same as that obtaining between the pressure 
and temperature of a gas or liquid near its critical point, and this was a very 
illuminating analogy. Experiments in high fields were of value in that accidental 
effects of structure were eliminated. He had shown, for example, that iron 
could be stretched far beyond the elastic limit in a very powerful field without 
changing the intensity of magnetisation by so much as I per cent. 

Dr. W. R o s e n h a i n  criticised Professor Hopkinson’s statement regarding 
the “accidental ” character of minute internal structure. H e  considered that 
while the use of fields of high intensity was of value it would obliterate the 
effect of many things of interest and importance in themselves. It seemed to 
him that thcre were circumstances of a purely molecular character and 
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also of a structural character, and one would have to try to disentangle 
the two. 

As regards the existence of a hard form of p iron, he objected to the use of 
the word “ adamantine,” although he believed in the existence of a distinctly 
harder form of iron which was stable at high temperatures and which could be 
retained by quenching. 

As regards the Heusler alloys, his own work, confined to a range of 
11 per cent. aluminium and 10 per cent. manganese, confirmed Dr. Ross’s 
view as to the non-existence of a ternary compound in the cupra-manganese 
system which explained the magnetic effects of these alloys. The alloys 
of aluminium alone are strongly magnetic, and consequently the view he look 
was that the magnetic qualities of the Heusler alloys were due to the 
presence in them in solid solution of Mn3A1. An ingot of this substance would 
spontaneously disintegrate to a heap of powder, and it was magnetic both in 
the bar and in the powdery form. 
Dr. Cecil H. Desch, in a written communication, suggested that the 

“ageing ” of the Heusler alloys might be a complex effect caused by the forma- 
tion of inter-metallic compounds, the equalisation of composition by diffusion 
and the union of ultramicroscopic particles of various phases to form physic- 
ally more stable aggregates. All of these processes may be concerned in 
modifying the magnetic properties. Further careful investigation of the 
alloys, made from pure materials, was necessary in a thoroughly well-equipped 
laboratory and working at  high magnifications. 

The Chairman, in bringing the discussion to a close, asked the 
meeting to offer its extremely hearty thanks to the authors, many 
of whom had come so great a distance to take part in the evening’s 
programme, for the admirable Papers which they had presented to 
the Society. The Papers were of an exceedingly high character, 
and he thought they were evidence of the Society doing good 
work. 

The vote of thanks was carried with acclamation, and the 
meeting then adjourned. 

OFFICIAL NOTICES. 
ANNUAL GENERAL MEETING, 1912. 

The next ANNUAL GENERAL MEETING of the Society will take place on 
The following nominations for the Officers and Council Tuesday, July 2nd. 

(1912-13) to be elected on July 2nd have been made by the Couiicil :- 
President : Dr. R. T. Glazebrook, C.B., F.R.S. 
Vice-Presidents : G. T. Beilby, F.R:S., Professor K. Birkeland, Sir Robert 

Hadfield, F.R.S., F. W. Harbord, Professor Bertram Hopkinson, F.R.S., 
Alexander Siemens, Professor James Walker, F. R.S. 

Treaswer .- F. Mollwo Perkin, Ph.D. 
CouizciE: R. Belfield, M.I.E.E., Dr. H. Borns, W. R. Bousfield, K.C., 

Dr. J. A. Harker, F.R.S., Professor A. K. Huntington, Dr. R. S. Hutton, 
Dr. T. M, Lowry, Dr. R. Seligman, Dry G ,  Senter, Maurice Solomon. 
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CHANGES O F  ADDRESS. 

BROTHERTOS, F. . . . . . Northampton Polytechnic Institute, St. John's 

CROCKER, H.  E. . . . . . . 161, Short Heath Road, Erdinyton, Birming- 

GWYEK, A. G. . . . . . . c/o British Aluminium Company, Ltd., Mil- 

JAQUES, A. . . . . . . . c,'o Nobel's Explosives Company, Polmont 

MOXD,  R .  A.  . . . . . . . Combe Bank, nr. Stvenoaks, Kent. 
AIUS'~ON, F. S. . . , . . . Craigmore, Over, Cheshire. 

Street, E.C. 

ham. 

ton, Staffs. 

Station, Scotland. 

B INDING CASES. 

Dark green cloth gilt-lettered cases for binding any back volumes of the 
Transactions may be ordered by application to the Secretary, 82, Victoria 
Street, Westminster, S.W. If the separate parts 
and the title-page are sent post paid to MESSRS. Uswrs  BROTHERS, LTD., 
27, Pilgrim Street, E.C., the cases will he supplied and thc volumes bouiid 
complete for 2s. cnch, or 2s. , ~ d .  post free for the ITiiiteci Kingdom. 

Price IS. 2d. post free. 

TRANSACTIONS O F  THE AMERICAN ELECTROCHEMICAL 
SOCIETY. 

Members who desire i t  can have the Transactions of the Amcrican 
EZectrucl~ew~icnZ Smit  /Y 1 o i i i r i l  in  cloth instead of in paper on payment 
of an extra chargc 01 two shillings a year, which should be sent to the 
Sccretarp of tlie P':tracl:iy Society, 82, Victoria Street, London, S.W. 
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Obe Breebam Preee, 
UNWIN BROTHERS, LIMITED, 

WOKING AND LONDON. 
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F O U N D E D  1903. 

T O  PROMOTE THE STUDY OF ELECTROCHEMISTRY, ELECTROMETALLURGY, 

c H EM ICAL PHY 8 1  CS, M ETALLOG RAPHY, AND KINDRED 8 U  Bd ECTS. 

JUNE, 1912. 
__ 

REPORT O F  T H E  COUNCI’L TO BE PRESENTED A T  T H E  

ANNUAL GENERAL MEETING, TUESDAY, JULY 2, 1912. 

The Council has pleasure in laying before the Members the Eighth 
Balance Sheet and Annual Report of the work of the Society. 

The financial condition of the Society continues to bc satisfactory, there 
having been a balance on the past year’s working of L78 1%. 9d. ‘l’he final 
balance to the credit of the Society at the end of 1911 was LIOO 15s. 3d., in 
addition to a fund of E280 accumulated from life subscriptions. Of the former 
amount a considerable portion is merely a balance on paper, and members in 
arrears are earnestly requested to send the Treasurer their outstanding sub-  
scriptions at the earliest possible moment. The slight increase of expenditure 
over that of 1910 is to be accounted for partly by the somewhat larger number 
of papers published, and partly by the fact that several of the meetings had to 
be held in the large lecture-theatre of the Institution of Electrical Engineers. 
There is no lantern equipment available elsewhere in the Institution build- 
ing, and the out-of-pocket expenses connected therewith are very much larger 
than in the case of the Council Room, which the Institution of Electrical 
Engineers kindly places at tlie disposal of the Society for a trifling nominal 
charge. I t  is proposed to obviate the unnecessary expense in future by 
purchasing a lantern. 

A small grant of -$s was made to the International Commission appointed 
in 1909 by the Seventh International Congress of Applied Chemistry to 
publish Annual Tables of Chemical and Physical Constants and Kuinerical 
Data. As an acknowledgment of this grant, members of the Society who 
purchase the Tables are entitled to a reduction of 20 per cent. off the usual 
net selling price, provided that orders are sent direct to the General Secretary. 

The item of LC,S 19s. 2d. reccived on account of Sale of Truusactions and 
Reprints is a welcome indication of the deniand for the Society’s publi- 
cations, a demand which conies from every part of the world. 

There has been a slight net increase of memisership since a year ago, the 
number now standing at 210 as against 207 when tlie last Report was issued. 
This is not a large increase to report, in view of the acknowledged value 
and interest of the work being done by the Society, and the Council again 
appeals to members to use their personal influence to bring about a substantiai 
increase of membership. 

The death of Mr. Emanuel Ristori, one of the pioneers of the aluminium 
industry in this country, and a member who was a constant attendant at the 
Society’s meetings, is recorded with very sincere regret. 

Eight Meetings were held during 1911, at which 26 Papers were read, as 
given below. 
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On May a i d ,  hIr. A. Scott-Hatisen, who is intimately connected with some 
of the great Norwegian water-power schemcs, came over from Christiania to 
read a Paper describing tlicsc plants and tlicir application to electrocliemical 
industry. Arising out of this meeting the Council has endeavoured to arrange 
a visit to Norway this suiiimer to inspcct some of tlie installations described 
by Mr. Scott-Hanscn, but up to the present the response on the part of 
members lias been so nieagre that the visit, it is feared, may have to be 
postponed. Unfortunately it has not been found possible to obtain per- 
mission to visit some of the most interesting of the electrochemical works, 
which perhaps would have formed the greatest attraction to members 
of the Fai-aday Society. 

The practice of holding a General Discussion was continued in 1911, 
the subject chosen having been (‘ High Tcniperature Work.” The Discussion 
was opened by Dr. Arthur Day, Director of the Geophysical Laboratory, 
Carnegie Institute, Washington, and on the afternoon preceding the meeting 
Dr. Day and a p x t y  of nienilscrs ;111tl their friends visited tlic National I’hysical 
Laboratory, by the kind invitation of thc Director, and inspected tlic high- 
temperature equipment described in  sonic of the I’apers contributed to the 
Discussion. 

On June 13th tlie Society was honoured with a visit by Professor Ernst 
Cohen, of Utrecht, who delivered a lecture on “Allotropic Forms of Metals,” 
while advantage was taken of Dr. Edward G. Achcson’~ visit to Europe in 
the autumn, when, by invitation of the Council, lie addressed tlie Society on 
his work in connection with electric furnace products. 

The visits of these distinguished friends from abroad to lecture before the 
Socicty were made the occasion of several pleasant social gatherings, all the 
more successful on account of their informal character, the lecturers being 
invited to meet the niembcrs of the Society and to dine with them prior to the 
meetings. 

The two meetings held on October 3rd and 17tl1, devoted to thc discussion 
of a group of Papers dealing with thc different types of electric furnaces in 
use for tlie nanufacture of iron and steel, are worthy of special note. At the 
meeting held on December 6th a group of l’apers on Thermostats-was prc- 
sented, and a sniall collection of these instruments and appliances used in 
connection therewith was arranged for the occasion. 

On several occasions the Council has invited members of kindred Societies 
to  attend meetings likely to bc of spccial interest to them. These invitations 
have been rnuch appreciated, and have tended not only to promote friendly 
relations between thc Faraday Society and other scientific bodies, but likewise 
to popularise the work of tlie Society and bring it before the notice of a wider 
public than would be possible if meetings were always confined strictly to 
its own members. 

PAF’EKS READ BEFORE THE SOCIETY IN 1911. 
March 14th. 

Some Propertics of Aluminium Anode-Films. 

The 1Veight of a Xorinal Litre of Hydrogen Chloride. 

A Physical-Chemical Study of Mercury Sodium Alloys or Sodium Amalgams, 

011 Surface Effects between Mercury and certain Solutions and an Electro- 

G. E. ~ZAIHSTO, hI.Sc., B.Eng., and I<. MERCER, I3.E11g. 

F. P. BUlIT, I~.SC., and K. \Ii. \\‘HYTLA\i‘-GIIAY, Ph.11. 

EIZNEsT VANSTONE, B.%. 

chemical Method of Estimating Dissolved Oxygen. 
s. I\-. J. S x m r ,  3r.A., L).Sc., and \V. .F. H I G G I ~ ~ ,  f 3 . k  
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PROCEEDINGS O F  T H E  FARADAY SOCIETY "3 

May 2nd. 
Hydro-electric Plants in Norway and their Application to Electrochemical 

Industry. 
A. SCOTT-HASSEN, C.E. (Christiania). 

EDGAR STAPFSFIELD, MSc. 
Two Simple Forms of Gas-pressure Regulators. 

Internal, Molecular, or Intrinsic Pressure-A Survey of the Various Expres- 
sions proposed for its Determination. 

W. C: MCCULLAGH LEWIS, M.A., D.Sc. 
May 23rd. 

General Discussion on High Temperature Work :- 
Recent Advances in High Temperature Gas Thermometry. 

The High Temperature Equipment of the National Physical Laboratory, 

The Boiling-Point of Metals. 

On the Behaviour of Silica at High Temperatures. 

Methods of Maintaining Constant High Temperatures. 

Note on Stellar Pyrometry, 

ARTHUR L. DAY, Ph.D. (Washington). 

J. A. HARKER, D.Sc., F.R.S. 

H. C. GREENWOOD, M.Sc. 

A. BLACKIE, B.A. 

Professor MAX BODESTEIN (Hanover). 

CHARLES F ~ R Y  (Paris). 
June 13th. 

Allotropic Forms of Metals. 
Professor ERXST COHEN (Utrecht). 

J. H I ~ u k a .  

October 3rd. 
The " Paragon " Electric Fiirnace and Recent Developinexits in Metallurgy. 

Progress in the Electrometallurgy of Iron and Steel. 

The Hering '' Pinch Effect " Furnace. 
DONALD F. CAMPBELL, B.A. 

E. KILUWRN SCOTT, M.I.E.E. 
October 17th. 

November 8th. 

Discussion on abovc Papers on Elcctric Iron and Stccl Furnaccs. 

Researches on Electric Furnace Products. 
An address by Dr. E ~ V A R D  G. ACHESON (Niagara Falls). 

December 6th. 
A liedetermination of the Density and Co-efficicnt of Lineal Expansion of 

Aliuniniu~n. 
F. J. BRISLEE, D.Sc. 

V. H. VI.:LEY, DSc., F.R.S. 

J. N. PRING, IlSc. ,  and J. K. CURZOX, BSc. 

W. R. COOIWK, M.A., IMc. 

Professor HUGH MARSHALL, D.Sc., F.K.S., W. R,  BOUSPIELU, M.A., K.C., 
A. S. C. CUIIIIIIKG, DSc. 

The Solution Volumes of Nitric Acid. 

The Influence of the Physic~il Condition of Metals on Cathodic Over-voltage. 

The Benkj Primary Battery. 

Notes on Thermostats and Devices used in connection therewith, 

Mercury Vapour Lamps for use in Spectroscopy, Polnriinetry, and Sacchari- 

T. MARTIN LOWRT, DSc. 
metry. 
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STATEMENT OF INCOME AND E X P E N D I T U R E  FOR THE SESSION 1911. 
Dr. EX I' E K D 1'1' U RE. INCOME. at, 

s. ti. E s. d.  ,r s. d. 
TO Gcncral Printing . . . . . . . . . . . . . . . . . . . . .  Go 9 4 By Subscriptions for 1911 :- 

. . . . . . . . . . . . . . . . . . . . .  ,, Traizsactioiis 140 12 4 Received . . . . . . . . . . . . . . .  - 3 1 8  0 0 

,, Pvoceediizgs I7 9 9 Outstanding . . . . . . . . . . . . . . .  54 0 0 . . . . . . . . . . . . . . . . . . . . . . . .  
372 . . . . . .  ,, Expenses Exchange of Aineticaiz Trarzsactiorzs 65 6 6 -- 

24 19 3 ,, Entrance Fees for 1911 . . . . . .  Received 14 o o ,, Office Expenses, Translations, and Sundries . . . . . . . . .  
,, Postage . . . . . . . . . . . . . . . . . . . . . . . .  28 14 2 Outstanding 4 o 0 

,, Expenses in connection with Meetings 

,, Contribution to International Commission for Publication ,, Sale of Transactions and Reprints (nett) . . . . . . . . .  68 I9 2 

2 0  9 6 -- 18 0 0 

,, Salary of Secretary . . . . . . . . . . . . . . . . . .  Ioo 0 0 ,, Advertisements in Tramactions . . . . . . . . . . . . . . .  2 I5 3 

of Tables of Conhtants . . . . . . . . . . . . . . .  5 o o ,, Contribution from Americarz Electrochemical Socicfy 71 4 0 

,, Balance on Ycar's Worltiiig . . . . . . . . . . . . . . .  78 IS 9 ,, Discounts allowed . . . . . . . . . . . . . . . . . .  3 9 2  
,, Interest on Cash on Deposit . . . . . . . . . . . . . . .  5 I2  0 

L54I I9 7 

. . . . . . . . .  

... 

~ _ _ _ -  
L54I I9 7 

BALANCE S H E E T ,  DECEMBER 31, 1911. 

Dr. LIABILITIES. ASSETS. at. 

A- s. d. ;G s. d. 6 s. d .  
To Sundry Creditors . . . . . . . . . . . . . . . . . . . . .  147 4 o By Cash in Bank . . . . . . . . . . . . . . .  422 2 8 

. . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . .  280 ,, Cash in hand 0 1 9  7 
,, Subscriptions paid in advance o o ,, Ahvertisernents 8 1 7  0 
,, Balancc ... IO0 I 5  3 ,, Outstanding Subscriptions, 1906 . . . . . .  2 0 0  

,, Outstanding Subscriptions, 1907 . . . . . .  4 0 0  

,, Outstanding Subscriptions, 1908 . . . . . .  12 0 o 

423 2 3 -- , , Life Subscript ion s 
... . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  
Paid z o o 

0 0 0  -- 

Paid 2 o o 
2 0 0  -- 

Paid 4 o o 

F. RIOLLTA'O PERKIN, 
TjFea szi re r, 

Jzme,  1912. 

8 0 0  
Written off 6 o o 

2 0 0  .. Outstanding Subscriptions, 1909 . . . . . .  28 o o 
Paid 6 o o 

2 2  0 0 
Written off 8 o o 

14 o o .. . . . . . .  Outstanding Subscriptions, 1910 57 '4 0 
Paid 20  o o 

37 I4 0 
Written off I i  14 o 

20 0 0 --- .. . . . . . . . . . . . .  .. . . . . . . . . . . . . . . .  Outstanding Subscriptions, 191 I 54 0 0 
Outstanding Entrance Fees 4 0 0  

L533 1') 3 L533 I9 3 

The above accounts have been audited and found correct. 
L. GASTER, 
J. W. HINCHLEY, 

1 Honorary Azidi ion.  
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26 PROCEEDINGS O F  THE FARADAY SOCIETY 

OFFICIAL NOTICES. 
NEW MEMBER. 

THOMPSON, FRANK CHARLES, B.Met. , . Applied Science Department, The Univers,ity, 
Sheffield. 

Vol. VII., Part 3, of the Transactions of the Faraday Society will be in the 

Vol. XXI. of the Transactiorzs of the American Electrochemical Society will 
hands of Members in the course of the present month. 

be issued early in July. 

BINDING CASES, 

Dark green cloth gilt-lettered cases for binding any back voIumes of the 
Transactions may be ordered by application to the Secretary, 82, Victoria 
Street, Westminster, S.W. If the separate parts 
and the title-page are sent post paid to MESSRS. UNWIN BROTHERS, LTD., 
27, Pilgrim Street, E.C., the cases will be supplied and the volumes bound 
complete for 2s. each, or 2s. 4d. post free for the United Kingdom. 

Price IS. 2d, post free. 

TRANSACTIONS OF T H E  AMERICAN ELECTROCHEMICAL 
SOCIETY. 

Members who desire it can have the Transactions of the American 
Electrochemical! Society bound in cloth instead of in paper on payment 
of an extra charge of two shillings a year, which should be sent to the 
Secretary of the Faraday Society, 82, Victoria Street, London, S.W. 

ANNUAL TABLES OF CONSTANTS AND NUMERICAL DATA, CHEMICAL, 
PHYSICAL, AND TECHNOLOGICAL. 

INTERNATIONAL COMMISSION O F  PUBLICATION 

Appointed by the VIItlz International Congress of Applied Chemistry in London, June 2 ,  1909. 

The First Volume of the Annual Tables, namely, that for 1910, is now ready; and 
arrangements have been made with Messrs. J. and A. Churchill, of London, for its sale and 
distribution in the British Empire and Japan. The price has been fixed at 24s. bound in cloth, 
or 21s. 6d. in paper covers, net. Members of the Faraday Society are entitled to  a reduction 
of  20 per cent. off this price, provided their orders are sent direct to the General Secretary, 
M. Charles Marie, 98, Rue du Cherche-Midi, Paris VI. 

The Volume, including the Table of Contents, &c., contains over 760 pages, or nearly 
double the number estimated. In consequence of the large increase in the expenses thereby 
incurred, the funds of the Commission are now very low, and additional financial assistance 
is urgently needed, more especially as any proceeds from the sale of the First Volume will 
not be available for some months. 

The Members of the International Commission of Publication for the United Kingdom 
are Dr. R. T. Glazebrook, Mr. F. E. Smith, and Dr. N. T. M. Wilsrnore, University College, 
London, W.C. 
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Obe Breebam Preee, 
UNWIN BROTHERS, LIMITED, 

WOKING AND LONDON. 
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F O U N D E D  1903. 

TO PROMOTE T H E  STUDY OF ELECTROCHEMISTRY, ELECTROMETALLURGYp 

CHEMICAL PHYSICS, METALLOGRAPHY, AND KINDRED Susd~crs. 

JULY, 1912. 

DEATH. 

T h e  death of M. FLORIS OSMOND, which took place at 
Saint-Leu on June 18th last, is recorded with deep regret. 
M. Osmond was 63 years of age. 

ANNUAL G E N E R A L  M E E T I N G .  

The Annual General Meeting of the Faraday Society ivas held o n  
Tuesday, July 2, 1912, a t  the Institution of Electrical En,' 0 1 n ee r s, 
Victoria Embankment, London, W.C. I n  the unavoidable absence 
of the President, Professor A. W. Porter, F.R.S., was in the Chair. 

T h e  minutes of the Annua l  General Meeting, L ~ I  I ,  were read 
and approved. 

The Chairman moved the adoption of the Report of the Council, 
and the Statement of Accounts and Balance Sheet for the year 
ending December 31, 1911, as printed in the June number of the 
Pruceedings. The motion was carried unanimously. 

Mr. J. W. Hinchley suggested that it might be d.esirable to  
decrease the subscription to the Society from L z  to, say, one or 
one-and-a-half guineas, as this might be the means of considerably 
increasing the membership and through that the usefulness of the 
Society. The  matter was referred to the new Council for their 
consider at i on. 

T h e  following OFFICERS and COUNCIL were elected to serve 
for the ensuing year :- 

President: Dr. R. T. Glazebrook, C.B., F.R.S. 
Vzce-Presideitis : G. T. Beilby, F.R.S., Professor K. Birkeland, Sir Robert 

Hadfield, F.R.S., F. W. Harbord, Professor Bertram Hopkinson, F.R.S., 
Alexander Siemens, Professor James Walker, F. R.S. 

Treasurer : F. Mollwo Perkin, P1i.D. 
Council: R, Belfield, M.I.E.E., Dr. H. Borns, W. K. Bousfield, K.C., 

Dr. J. A. Harker, F.R.S., Professor A. K. Huntington, Dr. R. S. Hutton, 
Dr. T. M. Lowry, Dr. R. Seligman, Dr. G. Senter, Maurice Solomon. 
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30 PROCEEDINGS O F  THE FARADAY SOCIETY 

On the motion of Dr. R. Seligman, seconded by Dr. W. C. McC. 
Lewis, Mr. Leon Gaster and Mr. J. W. Hinchley were re-elected 
Honorary Auditors, and a cordial vote of thanks was accorded 
them for their past services to the Society. 

The Chairman then proposed a vote of thanks to the Institution 
of Electrical Engineers for granting the Society the use of their 
Lecture Theatre for the ordinary meetings. The motion was 
carried with acclamation. 

On the motion of the Chairman, a vote of thanks was passed to 
the retiring Officers and Members of Council. This concluded the 
business of the meeting. 

PROCEEDINGS OF THE SIXTY-FOURTH ORDINARY 
hl E E T I N G. 

The sixty-fourth Ordinary Meeting of the Society was subse- 

Dr. W, C. McC. Lewis and Mr. A. P. Roshdestwensky read a Paper 
quently held. 

entitled ‘‘ Electrocapillary Pulsation of a Mercury Meniscus.” 

The measurements were carried out in a very narrow capillary tube in 
which a mercury column came into contact with aqueous solutions of mercury 
cyanide. The apparatus for measuring the variation of the interfacial tension 
with e.m.f. applied was similar to that of Lippmann, the pressures which had 
to be applied in order to bring the meniscus back to the zero point, giving 
thereby a measure of the interfacial tension, being read by means of a cali- 
brated double-limbed burette. To see if the apparatus was working satis- 
factorily, a series of measurements was made with the mercury in contact with 
sulphuric acid solution, a similar type of curve to that of Lippmann being 
obtained. This normal behaviour was not found, however, in some of the 
mercury cyanide solutions examined. The solutions examined were Hg(CN), 
saturated, &, &, &-& respectively, and in addition each of the latter three 
solutions in presence of & KCN. 

The 
pulsation of the meniscus was observed first in the solutions of & Hg(CN),. 
I t  made its appearance when the applied e.1n.f. was raised to I volt (the 
meniscus being thc cathode) and the amplitude of the pulsation increased as the 
applied e.m.f. increased. The pulsation itself when e.m.f. = 1-5 volt consists 
of three stages-first a slow fall of the meniscus (indicating a decrease in the 
interfacial tension), which lasted for about 30 secs., this being followed by a 
rapid fall and quick return to zero, which occupied about 5 secs. 

Besides the application of a minimum e.m.f., it was found that the diameter 
of the capillary was a determining factor. With a very narrow tube (<‘ot mm.) 
no pulsation was observed. Further, the nature of the solution has likewise 
to be taken into account. Pulsation was observed with saturated mercuric 
cyanide and with the decinormal solution. It was not observed under the 
conditions so far employed with any of the other solutions. I t  seems likely, 
therefore, that a minimum concentration of mercury ion is essential. 

The first point noticed was the difficulty of reproducing readings. 
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PROCEEDINGS OF THE FARADAY SOCIETY 31 

A Paper was communicated by Mr. G. E. Bairsto, M.Sc., B.Eng., 
on " T h e  Variation of the Conductivity of Aluminium Anode-films 
with Temperature." 

An investigation into the variation of the conductivity of A1 Anode-films 
with temperature, and the influence of the chief factors in the formation of 
these films upon this variation. 

I .  The law of the temperature variation of conductivity is given by i = A@, 
the curves obtained by plotting log i to 0 being straight lines over the whole 
range of temperature from ordinary temperatures to the boiling-point of the 
electrolyte. 

2. The value of the exponent a is independent of the voltage of forma- 
tion, the time of formation, the concentration of the electrolyte, and the cation 
present in the electrolyte, and depends only on the anion (provided the test 
is made at the voltage of formation), whereas A varies widely with these 
variables. 

3. AmHCO, is an exception to the general law. At 55" its a abruptly 
changes, but this behaviour is explained by the decomposition of the film and 
by the OH ions playing most part in the conduction. 

4. For a given formation voltage a decreases with the voltage of the 
test, but when a certain current density (which is the same for all voltages of 
test) is reached, the conductivity increases much more rapidly than that given 
by A@, in such a fashion that for temperatures above about 60" the current- 
volt curves have a maximum at a voltage below that of formation. 

5. For voltages up to about one-half of the voltage of formation the resist- 
ance of an A1 anode-film is practically constant, but rapidly falls off as the 
voltage reaches that of formation. 

6. a is a definite function of the equivalent weight of the anion in solu- 
tion ; one increases with the other. It furnishes a method of determining the 
latter quantity. 

7. The cooling-down curves lie above the heating-up curves, but a ulti- 
mately becomes practically the same for both. 

On the motion of the Chairman, a hearty vote of thanks was 
unanimously passed to the authors of the Papers, and the meeting 
then stood adjourned until the autumn. 

OFFICIAL NOTICES. 
BINDING CASES. 

Dark green cloth gilt-lettered cases for binding any back volumes of the 
Transactions may be ordered by application to the Secretary, 82, Victoria 
Street, Westminster, S.W. If the separate parts 
and the title-page are sent post paid to MESSRS. UNWIN BROTHERS, LTD., 
27, Pilgrim Street, E.C., the cases will be supplied and the volumes bound 
complete for 2s. each, or 2s. 4d. post free for the TJnited Kingdom. 

Price IS. zd. post free. 

TRANSACTIONS O F  T H E  AMERICAN ELECTROCHEMICAL 
SOCIETY. 

Members who desire it can have the Transactions of the American 
Electrochemical Society bound in cloth instead of in paper on payment 
of an extra charge of two shillings a year, which should be sent to the 
Secretary of the Faraday Society, 82, Victoria Street, London, S.W. 
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